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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 

(57)Abstract: a 
PROBLEM TO BE SOLVED: To enable a I I * I I I ' 

semiconductor device to be improved in I I i \ i |_ 



characteristics and reliability by a method 
wherein the surface of the semiconductor 
substrate is set nearly uniform in impurity 
concentration after impurities for controlling a 
threshold voltage are introduced. 
SOLUTION: A pad oxide film 2 and an SiN film 3 
are sequentially formed on an Si substrate 1. An 
opening is provided in the SiN film 3, and a 
trench 5 is formed on the Si substrate 1 . The 
SiN film 3 is selectively etched through a plasma 
etching method where CF4 gas and 02 gas are 
used, by which the film 3 is made to recede from 
the edge of the trench 5. An Si02 film 7 is 
formed so as to be filled into the trench 5 




through an HDP-CVD(high density plasma- chemical vapor deposition) method. 
Impurity ions are implanted into the Si substrate 1 through the thin part of the 
Si02 film 7 in a region adjacent to the trench 5 to from a diffusion layer 8. The 
Si02 film 7 is removed from the part except the opening of the SiN film 3 and the 
inside of the trench 5, and a trench element isolation region is formed. 
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SiXfil ±U'<y KIM4R2 . S i N 
K3*Mft&j£-f-<&. S i Nit3lcBI)P4rJB*L, Si 
££l(c h u-^5SrJPMi-5. CF 4 ^^0 2 ^ 

SiWiraiy^-i/^U h L'>'f L 5 0>*MM£1fcifi3-&S. 
HDP-CVDftlCtiJ h l^>^5cO|*9gP(ca*!>iMf J; 
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ffifftg 8 ZJ&i&irZ. S i Nfflt3(OMP*JJ:tJ { l» U'V^- 
5«Ortfflja*t.OTa»SrS i0 2 »7*Ki*U 
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*»6**^#««**JI*riM-5 «fc 5 ic Lt^Mfin 

4&£gA1-£ ipiafcri £4#fS5: t »*JJC l E«c 

5±E«IWi*«*Lfc«, ±E*i)W*:afi«*iB • 
tfc r b ZWmt -f 1 E«co^#ft:^a(75|S!it 

[»#*4j tfc±E»wrt«ij{i-f ^-vs&aw 

^Fj-^-MU XE* h^t^i'i LTXE 
LT-f:*-:«'&A£fT 0 £o\ZLtiZb& 

5 ] ^##gt£X(c!£ 1 Wiffe^SiSr^i-S 

Xgi, 

XESS l Wiffe^lcM P ZMfclrZTM. b . 
±EMP Srifi CT±E^»f*S«^i««r^fig-f-4XS 
i. 

±E^ l co*fej£BSco±EWm£XEi*^fE«J: 9 *# < 

JbEJU^rtftSisitrJbEBlP^rtWlwaAiitf «t 9 ic L 

T»2<o|fe|MilSr«riti-SXai:. 

±E* 2 <w|fetW»Sr^ LT^FUM&Sr-Y Ir^iZ Ai-5 IS 

i:. 

±E«<"rt^*J «t XEM R wrt««^(W«|Ji5-w±EtB 
XES5 l <r>m®m$:l&£:-fZ>TMk . 

±E*wrt»£ii^w»»w±EiB 2 (nmrnrnzm^-tz 

[»*JS6] ±EIB2W|ftaWlt«r, ^sf^aiyf-v 

• 

gL ±E^ffrBil±(;_kES& l coffel*Jiil£ffM-*-S J; o \z 
Lfc - 1 Zftmt-l-zmxm. 5 E«cD¥*#gg<r>83£ 



8 ] ±EB 1 <^lfeli?lil#±E¥^#S«is «fc 

±es& 1 <r><6«Di^»is^ y 3 9 . ±.uwmm 

1 0 ] ±E*N»{«»i±E*«rJ&*-*-5I 

fife 

1 1 ] ¥*fle£&±Kft 1 <nmm%*1&f$.i- 
ZTMb. 

±mm 1 «oiftiw»cH p x&& . 

XEWIn CT±EilMi#»SUai«r»fift-t-axa 
XK3& 1 <n^Bfcn±E^ p «r±E*a>*« «t 9 ±# < 

±e»wrt«js ±tf±ERi p wrt«fujw«*atp <t ?ti 
±E»<7>rtfflU8 iot±EW R <r>ftU&>fi\-<r>&ft<r>±ft& 

xess i <r>mm*mik-f 5igi> 

±E*i»f*:»K*ffilwStLTMa<><n*i*)*>P,^*e*S:^ 
^-^aAi-^XSi, 

±Ej»wrtSwji^OTtt»w±E» 2 coffetftgl 5 
XS£ fc*-*-* r £ SrWWi-t-SiNlflEiSilwIlitt* 
fe. 

[»** 1 2 ] ±E* 1 <7>l6«it«:liMs LfcflL _kE 
^*ffS«^^ffiU«lttSefbllS^fM U JtEfMfflMb 
LT±E^*fS)7)^<o-f^-vaA*fT 9 r i: IC 
i«J, ±E«ttlWbfllwiBwT«^fctt6±EiN»«:* 
«tr±E^Mfe**Ai-5 J; 9 (c Lfc C b tWOkb-fZ 
Wl**i l E*<o*3?fl^Btf>®Ht;t7&o 
'IS*** 13] ±Ei|M»f*:»IS±lwtt«aiftJBj*Ufc 

XE«fff)K±lc±E^ 1 wl6»Bt«:»*i-5 i 5 
Lfcri:«-4*«t-f5«l*JSi 1 E«co##(*:^K(75M 

[fi*Jl 1. 4 ] ±E5B 1 «o*6WBl!*s±E*i»*2&Rfc 
it//*fcli±E««IBIJ: 9 syfy/aswi^dt 
t t>-SW-T5ci^#iS(i1-S!S*JIl 3IEt 

1 5 ] ±E^*#24S/45 > y = >*«T*ifo 

9 , ±e^ i <»mmmfimt-> v => v«-e*> 9 , ±es 

g^)f. ±E«wrtSllc|ft»BtS:Jgi«-r*XS«r*-*-6 
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fee 

[f»*S 1 7 ] ±|EJR 2 ttfetHKfr . x* v 9x. y *f- 

*tLT, 3 0° £t±5 0° ElTaftA-CfcSw&trftfllt 
I flfcft* l 9 ] ±E*»#«RU*M-* ±B««>o^r 

1 1 szmcn^mfrmmnmmum,, 

m*m 2 0 ] ¥*ttttK±£ft 1 w*ft»BIS:J»*i- 

±cis 1 ^iieawuM p &&f&-tzj:m t , 

XfESBl O|ftBKR*jJ:0C±1E^ h y t LT 

TlS 2 n|WfiNttiI8£, 

.kEiftftrtflUs J: a±l2M P cortfflusifl.coffl$#05±EJB 

±E*«ortffl5«fl.eofc|Sfl-«o JhEJS 2 <of&ftl)tfrB*£-t-& 
ft. 

[!«#Jf 2 1 ] _kE3B 1 <r>mitm<r>±3ffl R «r±E» 
U JiEitRS:^ 7 f /< y ^ t5 ^ i I: J: 0 , lEi 

2 2 ] JbE*j»*««±K»«tt«:JBJ* L 

LfcCi4ri|*«ii-SBI*JH2 OfE^co^^Bco®! 

2 3 1 _tE* 1 (0|ft««}a«±EiMKMfctE*s 
Xtf/tti l*±xmWM J: 9 31 y ^ > y*ii£«o j* 1, 

[m*js 2 4 j jbfE^«frg«7>-> y 3 ysst-fc 

9 . ±E» 1 coiSfe^M^5g{k-> y a vlTCfc 9 , ±Ett 



3 Ettw*#*SSw®iji*fe. 

[»** 2 5 ] ±e*##a«ujbEj**»j*i-ai 
c t sr#«i ■rsw** 2 o tBm<r>¥mimm*>w&? 

fee 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3]^*, CW*^-»Bat|ffi LT, ^!)3V 
(Si) £K0>_kttlcflt«:?gjftU rw»H«*iifrJ: 
^L-CStftv'y (S i0 2 ) KSrTBriEU *£cort 
tt£W«oW#</5 s i 0 2 «*l»*i-*wi:^J:o-CJH : f- 
lf»W6ST I (v'tn-h^ 

[0 0 0 4] rcoST I a*«rfflV^rJB^Silfc*T-» 

m<r>£lt£'<— Xtf— ^Sr^L&tN, ^Kifcft, ST I 

7- ^ Twwnttft t » ?aigfig^ mire kzmmcffiiL 

■So 

[0 0 0 5] -t"&i?*>, l9Al:in9l:, &5l5<ftS 

1\ Silffil0 1±lCSiO 2 Hb»»&/.C5'<y KIMfc 
■El 0 2 ZMl&-ti>o /<y KttfblUll 0 2±(cS 

it>))=i^ (S i N) jg 1 0 3 &Mf$L1r?> 0 
[0 0 0 6] HI 9 BI^^-Tct^lC, !)y;/77^ 

XSICJ: 9 S i N8H1 0 3±C, jt»^-^K1R«(^^ 
mmcfflp&&1-Z\siSx h'<?-> (H**i") 
^cLttg, icou^h^^-VSr-r^i'iLt, RI 
E fe/«C if y f- V «fc 9 . SiNl|103 

feJ;t^S iO 2 il0 2 5ri.y-^>-ri-6c CtvlCj; 
9, jtSU^^dtfS^w^sKWttJwBIlP 1 0 4^fiic$4x 

[00 0 7] i!>:{C, E9C(l*-rj:9lC, S i NBtl 0 
3*5^0=5 iO 2 I10 2*-?*9 k LXS i Sffi 1 0 
l^^y^-xr-ta^kizX'O. m 1 0 5 Sr^-t-So 



(4) 



$£M2001-057382 



i-SrilcioTS i 0 2 fit (H^-lH") Sr^-T^o 
[0008] mi 0 At^-f «fc 5tC, CVDifeK 

J:9SiSfil01 ±cO^®(r SiO 2 il06 ZMlSL 

[000 9] jfcli, H 1 0 B iZiMr <fc 5 (c, fk^«W 
V (CMP) jfeUJ:9 S i NffiSl 0 3±C0S i 0 2 Rl 

0 6*WlS-r5wi:»C«toT. iP104j3j:(miO 
5 <OftSB£WcOg|5;ftc75 SiO 2 I106 £6&3H-5„ 

[ooio] fctc. mi oci:*n9i:« **tti ? 

^V^'jfctJ;*) S i NBSl 0 3 7y 
m (HF) 4:ffl^fcxyfy^Srftn4tJ:9^yK 
ggfbM l 0 2 £B£*-T5 title. ttttKffcMRAaffi 

tessrfr 9 o &t . mmitmz j: o s i sts 1 o 1 
\cmmmtm i o 7«r^-*-5 0 -t<7>«. 

IS, lyfv/Ig, ^vftAcoi;g:fc«fctfUv ! * 

tewm-fctovmrn (m^-ar-f) ' ^oo&, 

«te8KbllRl 0 7 SrGMs-f-S. 
[001 1 ] ill 1 1 AiC^-T J; 9 aMfcteSst 

«t 9 , sissioi mm\zf- bmtm 1 o 8 &m& 

i"5. SiMlO l±<7>3rJ£*MH£y-MMb 

Ml 0 8 5r^Lty- h*Jil 0 9^Bl^.ir^ 0 

[0 0 12] LfaLtttfb, ±ia?coj;-5{c. K»fb 
Hi 0 2 i^^-^ttKftlS 1 0 7 (OSfi^a^^ y^*a 
at ±9, f»l 0 5ta»ii*4xfcS i 0 2 Ml 0 6/4? 

«iSL-cu*5. sti o 5coasntS6«oia^ic*3(t 
5SiO 2 Ii0 6(!0iigij*#< > 
ffll 1 0«$lx5, -t LT, V— Mil 0 9«:JB 
RStilKtii^T, S£Ai l 0Jw«iti i liigo 
TLi 9 tV>9Ba®^*>ofc 0 C(7)J:9(c©^Si5l l 0 
(Cgtitl 1 l«oTLii h«lll 0 9r4<" 

[00 13] zz.x\ ZtoSctmi 1 0K»£*l,fc*ME 

1 1 1 ^r^i-afcifJlC. y— 1 0 9coff^cO^ 

9*te* s #x.e>tLS 0 <t-^^. y— hgffbMi o 8*5 

^-iy^^y{CS»x.6iX-r, El lBlOTt 

<tit y- hS£fb8Il 0 8£3§#fe«tTS iMio 
l(C5tl 1 2»>TLi9„ 

[0 0 14] cenj; hgffkMl 0 8fcJ;o;s i 

[0 0 15] *-T\ w<7>IH]JH«:lHKtt-*-.5fc*>fc:» 
^^KUHfiwjKfiK^Wi, S i 0 2 M^rfllcnrtSpiciiftiA 
trfflfc. &<r>7 ymttH>mzts[,*xm.'p-ti>8Ui:m<nmm 

ZtiX\,^Z> 1 l-2 65 6 9f) . z<nmm+ 

ttmmm<»mfjijjmiz'z>\,*xy.TizM;#mzm.w-tz >0 

[0 0 16] -ttefrh, mi 2AC*tJ:5i:, 



SiSS201 ±fc, fRK/bfet J: 9JBWi4« lOnmi 
S«Si0 2 *»646/<y KSSfbSf 2 0 2*MLfc 

CVDStJ;i3S)|iS2 0 0 nmSS<0S i Ng2 
0 3 Ztetfl-tZo 

[0017] mz^ mi 2 Bi;*t<t?c; s i NM2 

aty-f'l'^tfcfc.fcO S i NR 2 0 3 y f^^fS. 
d;h,KJ;"9., >D 3>-n)SI2 0 3WgB^(C^P 2 0 4/4? 

[0 0 18] fclZ, mi 2 ClC^i-J; TEOS# 
*£ffll^7tCVD)£M <fc 9Mff/45 2 0 0 nmCOS i 0 2 

[0019] «*cic. H 1 3 AlC^-f-J; S i0 2 R 

2 0 5£±ffi^s/^/<;y?-t-5c£lcJ;f3. MP 2 04 
oo^fflllcBI-S i 0 2 A'^^S-y-'f K**— y^^— !J-2 
0 6 €r^-f-5 0 

[0 0 2 0] Ell 3 B(C7Fi-J; 9 t, S i NR2 

0 3 * J: OHM Kl7*— /u^^<— tf-2 0 6 Sc-v^Z t L 
■C, S iIS20l5rxyfy^t5;i(;j ; r) > Si 
SS2 0 1 co_h^j(cSl2 0 7 SrJI&fci-*. ^co«, iSj© 

[0021] 11 3Ct*tJ:5t cvDjfeic 

«t 9a«6ii*.ttcoav>S iO 2 !2 0 8£fll2 0 7cOf^ 

mzmtb&ts- J; 9 tc LT S i 201 ±izwm^-^ 0 
iiifif^^a^tT^o 

[0 0 2 2] &:fC, 111 4 Af^^i-J; CMPfetC 
iOSi NI2 03^ bvs<—b LTSiO 2 l2 0 
8 ZWmirZ - £ (c J; 0 , Si Nl 2 0 3 ±W S i 0 2 
R2 0 8 £BfciH-£ i: t tic, *E¥ta{k^^9o 

[0 0 2 3] MZ^ mi 4 BICtf-TJ; 9!:, *yHJV 
®f (H 3 PO4 ) &m^tz9^-y hxyfy^iao 
S i NR2 0 35rl^*Lfc^, hxjf y/£|; 

KBWt«2 0 2 ^^<t#. Si* 

*5 2 0 1 (0±I|;??tliLfcS iO 2 !2 0 8*5j;u:ih-< 

h^^-/W^-t2 0 6l:ti^Tfc 1 it^r<o^S5?)S 
xyfV^ht, S iS«l 0 l±tStBLT^5^|5 

[0 0 2 4] -&C0^, S i 0 2 Jffi7)>P>/f 5»ttS!fbM 

L#^«®ESr^Si-5fctot. S i*tg2 0 

[0 0 2 5] ftU, H 1 4 ClOi?t J; 9 t, W&Mitm 

zmzLtzfe. mmtmz£«)s iM2onn:y 

- h&<bM2 0 9 5rffM-r6„ <C*J, w^«tt^bMto 
m£cr>mz^ S il«2 0 imJ:Si;^[i)Lti<^S i 
0 2 R2 0 8*Jj;U:-i>--l' K 1 ?^-— /U^^<— ^ 2 0 6WgRS 
^•t3i5/^>-^$tl,-5c ^<^>i#, S iN!2 0 3(7)f 

mtem. f- vmm.2 o 9£ffMLfc©isgT-s i o 
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2)8208, y- hmtm2 o sffynmtfw-mztcz*. 

[0 0 2 6] KJLLcD£ 9(CLT. Mf&ZIXtimm^ttM 

mmz&\,^x&. m2 oicnmm^i&mz^t^s s 

o 2 K2 0 8i:glW)il^^>ii^»jb 

•So 

[002 7] 

&Um-fZ>zblzJ:oX. &<»±otefflMfcQit?>z.b 
&*a&irz>lzm^tz, 
[0 0 28] i-ftt>*>, H 1 5 f^^i-J; o (C, ±i£cof£ 
*^PSM«W^iS;XmcOiict>|Cjo^T, S 1N120 

ft;fli2 1 ozmtfz-tZo z<f>&. <?*^m&mm. 
2 1 lmmztiz, z<nt^. m&mtm2 1 0 ±0 

^^Blffi^^Oifi^tC^^tufcS i 0 2 f 208 
L£Wfimi@8ffl<7M*v&A£fT9 <fc, 

{-ft P>/«ci ^ b 1 ^ F.J]JiI#£ C So 
[0029] ^U, -coj; 9ia#l'ItEV th A;g 

y^tkm t tt *) *-7 x # & < & o fc 19 „ y — h\zm £co 

[0 0 3 0] Lfc^ot, C(D^coi6<J|4 % L£i^tt 

ftmm.zm&-tzz.bfrxz. wim£tiz¥m&mm<» 
*NH4, &±x*'t<nmmtii&ft±£-ttz>zttfx$z¥m 

[003 1 ] 

mm^mxh^x. *mftmmiz}ortzm<r>i5;m<omt$. 

iz*j&to£mA-f2>£iizLtizt£<&'&k-fZ>h(r>X' 
[0 0 3 2] CCD^100^{r*3t>T, ft§J#JU(4, m 



<r>R&commztsi l -tz>¥mfcm&±.<nmmm&, m<nm 
®iz*nizmmmi l zitLxm<i-zfziibiz^ tmm&* 

u tmim<r>mi*^ft&-frLx, *m#mm$i&<r)m<r) 

W?^py*4 (ECR) ^HHS^7X7 (I 
CP) fcifjWHl^fettS. 

[0 0 3 3] :nsm«fli:*^t, ^##Sffil;:-f 

^aAfen <t ") ^mm*mA-rzm\z^ mm\zm.t> 
fttzmnft&cnfamztsrt.zitmfc&mz h^wfozm 

*i<«At5fcfti; < flt(»]5:&<n>mwizt-ufz>¥m# 

[0 0 3 4] ^«>JBi<o«w^dsv^-c, *iJH*:»lK*®< 
«Ki(wtt, 'pt£< b i>m<r>ftmz<( 3t->}£Aco^ h-y/-? 

[0 0 3 5] :»«««S2^ltt, **ft:*ISJblC 

mi<r>im&k*T&tfL-$-z>j-m.b, wnni&mmizmu* 

5XSi:, 3Blco|6|Wit<n|J||p«:i»<n««J:*»**<-t- 

[0 0 3 6] ^W^^co^3<7)^B^f±, ^#frS«±IC 

*iw*6«k««0HlnSr*wflttEJ:*>*#<-t- 

p <nfo%vxt\-<r>Wf}<r)'% 2 co«^M*^*-t-5 XSi: » 
X®fr(»XfafrhT-mifoZ'<*^ : tZAirZ>TMb. m<» 

<hmA*v<»%m<nm 2 <7>i6«u»&i»*r *is£ 

[0 0 3 7] ^cO^3C0^B^^*5^T. 
lt5^#ftS«lc^*e^^#A^-5J:9JC-t-5o ifc. 
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° H15 0" WT/i^jl^^n5o tit, ^60fS3co 
[0 0 3 8] z<n%m<r)m4<r>%Wte, ¥-a|#S«Jbtc 

[0 0 3 9] w<W»4OT«W-*JV^-C. jfcM#J(C<i, IR 
[0 0 4 0] itie>WjB2, JS3*5j:tJ«*4W«WIC*J 

w»2, »3*J:t«S4w«ifltisv^, SB l oteUdBS 
•?3i5,^^^ii^(oiiv>lK^/>/j:< 1 1— WWU Aft: 
[004 1] zthbcnm2. %S3j£&Xf%S4<OKW{Zi$ 

x-hz, 

[004 2] -*KbCDf&2, *3*S«ttJ c »4W*WCS3 

srsuro-r 5 w i A* x- 1 & 9 y -?<r> -fv c v d mm. & 

ffll^S. -4xb«^2, SS3:fcJ;0<IB4C03Sf^(c 

[0 0 4 3] ±&cn£ )izWf8.£titLZcr>&w<r>mi(F> 



[0 0 4 4] :mi|<7)S2i?)I||;J;5 

ffl(O^M^co^A^(cfcJt5¥*ft:«4S*ffi«o^ifeai 
[0 0 4 5] w(75^Wc0^3^W(C«t5*-*ft: 

SCOT', L#^tt«EEWSEfflW^tt*w#A«{C*J»t* 
[0 0 4 6] dW*Wwff4(0*M(cJ:Si|Mi#: 

^hy^-5rMU IB 1 cOjffelWKi: ^ h y^-?— t * 
-^^i L,T^F^coY^-vaASrfToT^Sci{C < t 

#)5r^Ai-5-i^t:-t5coT% L#^ffimjE^Sfflco 
[004 7] 

co^micioiNTfi, |5]-Sfcl±*f^-r5a5^IC|±|^-co 
[0 0 4 8] S-T, CW«WW»iw*lfe?KtBtJ:5J|£ 

[0 0 4 9] "CD|f?i co||Jg^fi{c±5^ft:^StoS8 
iS^&Ui3^Tfi, HI 1 AI^^-TJ; 9 1^. if, S ig 

*i±U, ^Kfttelcj; *)&}zn£s i o 2 

3/ K»fbJK2Sr^f5. fled, fiaJx.(iM/lcvDi£tc 

J;ij/<5, Klfe{UR2±I^S i Ng£3 SrffMf- £„ 

^<"S i Ngl3co^fi£UJolt5CVD^f^co— fiaJSr 

^if5<b, mmcvumm^m^\ KfctfxtLxf? 

nyU->7>- (S i H2 C 1 2 ) 7V^-7 (NH 

3 ) *^teJ;r/^il? (n 2 ) 7t/^<nrg^^^ffl^, ^ 

tlb<r)Mm&-£ti-£tl 50sccm, 200scc mtJ 
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<fctf 2 OOsccmiU 70Pa, S«iDI&® 

^7 6 0°Ct-tZ> o 
[00 5 0] S i NJB!3±lw, y^77 

v?* h^#->- (ia^-fr-f) £^$;i-5„ :(ow 

S 0 r*tfc:«fc"9, S i Nm3l3*.Xf'*y K«fb«2<7>« 

m (CF 4 ) ^i7^^y (Ar) 1i * t<r>m&&* 
^ftibwgiSiSr^tt-eix? 5 s c cmjoitl^ 
5sccmiU l±t)&5. 3Pa, RF/^- £60 

[00 5 1] ^Jx.«S5*S7 p 7XT3iy^^^g 
fiSrfflV\ S i NM3«:v^^t LTS Sr^y 
fymriicj;^ S i S« 1 «n«B5J-<c hi/yf 5 

=ty?->71S*b LTC 1 2 ^t0 2 tf*kcr> 
M&iSx&mW ■ZiXb<nUWL& : £fo : £jX6 0 s c cm 
fcWlOsccmiU E.t)&l. 3Pa, v-fi'n 
8?«7j«:8 5 0W\ RFm^j^r 1 5 0Wti-5„ 
[0 0 5 2] f&gMt&K-fcO h l^V^5Wj£StJ 

J;M»IBI.1S i 0 2 8I6 5rffM-r5o ^<?>S i 0 2 HI 6 

flngtfSSfitfiJxJf 10 0 O'Cir-r-S, 
[0 0 5 3) !>;l:, Hi B ICTjH-J; 9 (w s CT^Ii^X 
-vm 5, =f- v ^-jfcft ^ (7) >r ^ # A- K 7 -< 31 y ^ > ?mc <fc 
9, S i NBl3*«)f*ttlC3:y^V^-*-5 0 CliXtCj; 
"5, S i Nm3it*:<»t$tf$frb^-y?-Xf£tl y hUV 
^5<D^fl|||r(6ut-C«jS-f-S. ::t-, C<7)SiNBf3 
tcioWS^iy^^^'Ife^co-tai^^if a t , ^7X-7i 

yfy^ttffll'V Xyf'y/^i LTCF4 

io 2 tixk<r>m'&it*%m\,\ ■ztxhcoffi.mzttiz' 

4x6 0 s c c m*3j;LK2 40sccmH, HLt)&3 0 
Pa, /^!7-5r4O0W, IfifiS^15ttt5„ 

[0 0 5 4] 0 2 AICtjH-J; 9l^, W^liSS;* 

-?y X-?if ! £%faf&& (High Density Plasma Chemical 

Vapor Deposition . HDP-CVD) 
^ScortSBlCfflrtiitfi^lCLTS i&lfil-hJCS i 
0 2 817 &Bffc-tZ> 0 ~ZX\ z<ns i 0 2 Bi7cojFM 

•>7V (S i H 4 ) 77**, O2 tfT-teXtfA r 77*^.cOS 

■g-Ty^^rffl^, -enbcojj£s^r-ett-e'4x3 ooscc 

m, 7 0 O s c c mio4;t^3 0 0 s c c mi L, JET^^r 
0. lPa, -e-f ^ nffitt^^r 3 0 0 OW s RFS^jSr 
20O0Wct5. '(OHDP-CVDtel:J:5S iO 



[0 0 5 5] Kat^ttS^flcRHI^tSL* 

±2LtJ;9lc > h u-v^-5^coJbgPia^c*j(t 
5S i MUnS i 0 2 Bl7l*»V^ci6, huyf 5 
<0«(0±aJiSflf{c*j»tS S i StS 1 w(BJ»tca«Wl-tt 

i Nag3<7>JBSJS#0lJ;t'* 1 5 0 nmffcSi p 

m^mmt Lxmz.a*<>m (bf 2 + ) k- 

[00 5 6] IH 2 B IC^i-J: 9 fc, mZ-ttCMP 

«9 S i N§|3£$W;* hy/<— i LTSi0 2 I 
7*W*i-SwtjrJ;»), S i N^3±cos i 0 2 

»sscutv'y*e^ d4wt%) kfcmt* 

V *A (KOH) *»*Rtwjft^*«SrfflV\ «H§:7V 
- h cOlHl$H^5r 20rpm, SiMl «rfiM*i-*iW- 
•&cO|p]*Bi'c£ 2 Orpm, Wmj£f)%:5 0 0 g f /cm 

[00 5 7] H 3 A[Z7fki- «t 9 (C * y 

(H 3 PO4) Srffl^fcds/ hicy^yjfcicfcfK 

[0 0 5 8] fctC, 03BU*-t-«t^(C, mz.li-7y& 
(HF) *fflV^^*y h^iy^^^tcj; «3^y KSf 
ffc«2 Srl»*Lfc«. 0U^.tf«l«EfbjfeJ-<t 9 S i S«« 

mv^^mm. 1 o 

[0 0 5 9] H4 AIC^I-J; HF$rffl^^7t 

«x.»JJRHMbteli J; 0 S i S« 1 SfBt^- hStfk 
If 1 1 4rJB«Ki-i. 
[0 0 6 0] H4 BU^-TJ; 0t|x.l£«ffiC 

VD«felC«t"3. SiSffililcy-hiltlll^l 
T, ^*B1fe# K— :/£*Lfc#ttftS i«i 2*3j:r/-7-^ 
fb^^^^^^ (WS i) Oil 3 S:)|fil»:«*i-5. 

$ttAS iRl 2cOffM^fc(t5CVD^W-fi»J 
^^If^xt, ®JlCVDgIi;i5^t, KfctfxkLX 
S i H 4 ?y^, He7y^*3j;a ! N2 Ty^cOrg-g-^^Srffl 
l/\ itlbcOtiUM&itl^tV 1 0 0 s c c m, 4 00 s 
c c m*>J;0 : 2 OOsccmiL, E.t)£: 7 0 P a . S 
«A0l»i?aft^6 1 ot:ii-5. Sfc. WS iJSl 3WJK 



(WF 6 ) S i H2 C 1 2 #**5<fctfA r #*<7) 

»*;*f*SrJBlf\ -etibco^**^:tt ; e*ix2. 5 s c c 
nou 1 5 0 s c c mioctt/ 100sccrai:U E^S: 
4 OP a, StE*0«lfflSSr6 8 CCt-f-So 

[006 1] D y^97>rxaicJ;i5WS iKl 

3±;cy- usitt^U'^ b^*->' (H**i*) 
w^aif t^f ^ p hoy#i (ecr) /^xvxy 

^yfeteifcn Yv-i ^y^^ym^X 9, WS iKl 
3a3J;W*IS»s iBIi 2«r«at3iy^^* f i-*« 

ECR^7X-7X:yfy/gl[:io^t, ^y^ifiS 
xb LX0 2 X*bC\2 #xb<nm&tfx$:m\i\ t 
tlh<F>mM&*:tl^tll 0 s c cm*5j:V2 OOscc 
m£U TCP (Torocoidal Couplled Plasma) ^!7 — 
Sri 5 OW, /<-f TX^t7 — £ 2 5 OW, j±^lSr6mT 
o r r tirho #tt*S ill 2^y^>if^ 

(HBr) #**5J;TJ<C l 2 tf^tt&tf** 
wixe><r>S(EJ[Sr*tt-?:*t4 s c cm, 120sc 
01X1^0^1/8 0 s c cm b U TCP^!7-&300 
W, /<-<T;*/>!7 — £r 10 0W, !E*J6mT o r r b 
-T5c ifc, WS iSIl 3^J:om B 0 S iRl 2<naL 
y * > ^CUSft ^Tfffrft 5 3, ^ ^ ^{ - it 5 

^y?->y$tfr<n-m*mfi>b, xo/fy^tL 
T\ 0 2 He #*i3«fctfHB r #*<0^;tf;*«: 

-^tl^^^S^^tV-^tll seem, lOOsc 
c mioJzTLF 1 OOsccm^L, TCP^!7 — 2 0 0 
W, /<-f T*/*!7 — £ 2 5 OW, EE^^60raT o r r 
b-tZo ^tibcntftmiiM, 9 y^vy^i XSio J: 

[0 0 6 2] -t<n« % se«^jBDco*jfe^J:5xeSrtt 

•So 

[0063] wi^Lti^:, z(r>mi<nmmmm 

co h u:/^5£ff£;i£L, S i N8g3£ h u-v-^5co*MU 
[CfortX'im-tZ±HC^-y?-^yL. HDP-CVD 

h i>-^5%m.tb&tr£. 9(^S i 0 2 Wkl 
J#L, ^COS i0 2 JS7(0 9 *><^Jt$4W»^Si5^«:^L 
TS i S«l l^fcfii&W^V'aA LTV £(.:<£ 

o . h 5 w»w±»ififiS(o sii«i cogp^Mis 

fffrti 6 L # t >ffi«JEfifi/8 -< ^- v a A £ ?t o fc 
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I«?y^^4ifn»tttl6|±4*5;i:*«t?#, 0fM 

[006 4] fcfc, Z(»&m<»%2<n%MBmi£±Z¥ 
#^«cO|Sljg^&{Co^-tSiW-t-5. 12 5, 12 6 14 C 
cof5 2 co^Jg^ffilc J; 5^**iSlt^»J2i*«feSr*>. 

[0 0 6 5] z.<MR2<r)$tvmmzmtz>¥m#&mn 

«AHWECVDttl:J;i)^y KSMUKJ-ICS iN 

*t*5lt5CVD*ft«n-WSr#»fS4:. ®ffiCVD|g 
atw*3l>T, WL&#*b US i H 2 C 1 2 NH 
3 #*3oJ;lW2 £JBV\ -&ixbco»E* 

■Sr-tix-t'tt 5 0 s c cm, 2 00 sccmiiiU : 2 00 
s c cmi U l£t>*7 0 P a , 7 6 0 

[0066] s i ni±i:, mz.ni) y^7>r 

(rj;«5, S i NK*5J:tf/<y KHikJKwtt^jcHio (12 

?%.ft<n-m*W.fZ>k. xyfy^iu, CF 

ZtV^im 5 s c 0 1X1*5^^2 5 s c c m t U EE^»5r 
5. 3 Pa, RF/<!7-£6 0 OWtti. U 

[00 6 7] ^ixlii^'S-Sy^X-r^-y^-V^ 
K-£rffli<\ S i N^Sr-r^^ i: US i S« 1 Sr^yf^ 
v^-r6^i{c4";, SiSSin»»tH'yf-5*r 

■&-tt*%:m*<\ -etLbcOjjttfi^r-ttl^e 0 s c cm, 
10sccm<tL, f£f}& 1 . 3 P a , -?"r ^ njKH^) 
5:8 5 OW, RFlAJrl 5 0Wi:t5o 

[0 0 6 8] »i^{brfe(c4»? h l^>^5C0lSDi4o 

4t/fllffilCS i O2 m6&]&l8.1-Z> 0 Z(T>S i O2 16 
cOBIJ?li0ijx(42 OnmffcS. »RBMtUi3»tS 
Apf^raa^l^iJ 1 0 0 0°CT-fc5 o 

[0 0 6 9] 9t*.l*7 1 7X^=yf->'ytet£iHn 
>r ^D^Yy-i ^v^^ym^k*) . S i N^5r^*6<] 
icxyfy/fS. S i N8g»4^cD*gig|W> 

60 ::t-, ccos i NBIUJo(t5^y^>^#co— 

LTCF4 ^^i02 ^^ircOjg-g-^Srffl 
v\ -£fte><08ftS£-tti,-t';ix6 Osccm, 240sc 



s .. . . 



cmiU JE^3^3 0Pa, ^!7-Jr4 0 0W, StRil. 
1 5tit6« 

[0 0 7 0] &(C, W;LtfHDP-CVD«fcUJ;'3, h 

i O2 JK7£JfcfiJc1-S 0 w^T% -COS i <D 2 M7COff2 

tS i H 4 0 2 WSitfAr 

*^6<^iii£ftSr*it-e*t3 0 0 s c c m, 700 
sec mii it/ 3 OOsccmiU Ji^3^rO. IP 
a. v^^niSEf^$r3 0 0 0W, RF«^)Sr20 00 

[0 0 7 1 ] 0iJx.»SCMPjfe|Cj; 0 S i NflH£W 

m* hy<—k LTS i 0 2 M7 ZQtm^Zzblzj: 
9, SiNg±(osi02^7^iit5, r 

■f- (I4wt%) i*BKb*yi>A (koh) 

m, SiSfil Srfiy^-fSKW^WHIte** 2 0 r p 
m, mmEct)&5 0 0 g f /cm 2 fc-T5 0 

[0 0 7 2] *y h^gf? (H 3 P O4 ) «rfflV\fc 

Diyhx^fy^iai), S i N«*aiWtttC3:y 
^■v^-t-S C <h IC J; 9 

[0 0 7 3] ftfC, mz.lX7-ym (HF) SrfflV^^i 

^.liSRHMtffiJwJ: 0 S i raSE£ttttftftK9&gjft 

* h y £wi£1MI 1 0 Srls£t5 0 

[0 07 4] CCDit, J8Jt*il5 h?>"^* 

co L # iMttSJE SrSiH-t- 5 f- nb co -i * > j£A t tf^>ix 
S„ -co L$i/Mi«JEi®SfflW'T5t-vaAlc*5^-cii, 
(3 5 BK^i-J: ?(.:, S ilffiltIl;^LTf4fc*(6) 

T»i, S i SSltiCJtLt 3 0" ~5 0° co-ft^S: 

-<5*-^ffiA^--5o cco^v&Afl&MJoi^-ni 
S i SS l^E<b^fT^^fSico^«^o 0 <ti"5o -ix 

[0075] 16A|;*«9C, S ilfilS 

mztt-tZ41r>>&Afim&4 5° (OIISLoo, Si 
S« 1 <o*,i:>,£(-#LT0)|;if:£9 0° IHte^-fr, ±j£<t 

^(n h u- 5 S i 1 cngfi 

aA5r4[el^ , 9iI-f-„ Ztl\z£*), h u V^- 5 <r>mcr>±. 
iFBiff^coS i S« 1 cogfi^l^tJitS^-CcoSjS^l^te^g 
8-WfM£ttS„ 

10 0 7 61ft!:. ieBlcintHl:, HFJrffi^t 
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«, «*tf jRHSfbifeji «t •? s i 1 Affile y- bmt 
mi 1 Sr^i-5o 
[0 0 7 7] -eeo^ ^lco||J6^ffii:P«JCL-C, ft 

£*-r 5 ¥*ftm0ts& $ n s, 

[0 0 7 8] z.<r>m2<r>mmMmz£Mi > SiNlS: 

Jifafi^S i Iffiiw h i^>^5tDjJI8SB{£;J*LTfTo 
X\.^ZtlZX*), hU->^-5W|»OT±»ifififws i* 
tElw«j^(^»»arl||[Ai-SC.t SWT?, f$l 

<r>mmmmt mm<r>%}m&'&z> z t tfx-z s, 

[0 0 7 9] CcO%P^O^3cO^J60JgtcJ;S^ 
*fc8«W«i6:#«fel£o^TBliJli-.5. H 7 , 13 8 MCI 
cofS 3 (^Hlfe^tttc J; S^fWSBroKfc^te**-*-. 

[0 0 8 0] C<wSB3W«SBB»^«tS^ilWt:ijE«<n» 

HJfiff^i^fCLT, Si£«l±tC, ^{fctetcj; 
•JWAtfS i 0 2 Bt*»e><cS^<y K»<bg| 2 SrffMi" 
S„ «^.«r«EECVDjfe|c«t9>'<y KBMbflt2±. 

(IS i NBS3 ~ r.T\ CCOSiN^3tD^ 

fi£ii*s(t5CVD*#co— mzmifib.* jSECVDg 
BSrfflV\ Kfo1S*b LtSiH 2 C 1 2 NH 3 

tW^5 0 s c cm, 2 0 0 s c c m*JcfcO ! 2 0 0 s 
ccmiU )I^I«r7 0 P a, ««ADf|Afi** 7 6 0XZ 

[00 8 1 ] ftt, S i NBt3±{c» «*«ty 

nmz x <o m*ttMm%z<r>Bf&mmzffl p tk^-sr*, u- 

•^^ h^<^— v (0^*1*) SrffMi-S„ fciz % z(r>u 

s i N«3*3«ttf/<y Kikfboi 2*1*1? ^^^-r 

So ZtUZ&*), S i N«3*iJ;tf/<3' K8Wk)»2coSB 

A r ^iff)jB^^Srfflir\ 'E:^ib<7>ffi4^-?-ti--5r*tt 
75sccmfeJ:i;25sccmi:U E/)5r5. 3P 
a. RF/^-^6 0 0Wtt6„ -€:coft, Uv=x h^? 

[0 0 8 2] mz s S i NIK 3 £-7* ^ i Lt. #'J;tlS 
^ft^X-^^y^-v^S^ffl^S i Stg 1 tro^y 

^yy-ti>zt\ziiy) , siSfii«:M/>f5 
Si, ^v^^rXxt LTC 1 2 ^i0 2 jixt(T> 

m&#*zm\,\ ttibnmm&ztiz'ite o s c cm 

fciCFlOsccmiU 1 . 3Pa, 

i«m^^8 5 0W, RFtt^35r 1 5 0Wii-So 



(10) 
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[0083] #cu, %mitmz& <? h^f 5 (r>fem& 

itffflffiiwS i o 2 «6*»*i-*. mSi0 2 i6 
<7>«ffttW^.|i2 0nm-C*)5o SflMbKSStt* 
*DSRfflft*«*.« 1 OOOtitSo 
[0 0 8 4] ft!;:, ft*.ti-7 ! 3X-vx.y<9->tfWi:)£<r> 

fttiyfv/ti, rftfi «»:•), S i N^3»i-£cDSj& 

SrfflV\ ZztlhcnffiM&ZixmiS 0 s c cm:fc<fctJ<2 
40sccmiU JI^5r3 OPa, /*7-£4 0 0 

w, iwas^i s'ct-rso 

[00 8 5] 13 7 B |C*-r i 91-1, hl'Vf 54 

Sfeiitp «fc 9 U L-C, SiSfil !h»iffii:i*« 2 l 
Sr^fc-f-So C?)MBtf)Wi UTIiS i 0 2 fcitf 

s i Nt^L-caw?wt-i»*^r**w»**aiiR*^ c 

w <0^*Bg 2 1 (7)^®^ y y * (CtJJt 6 ^ y =f- -s 7 

3kw<n-m*mfz>b, x y fy^iuo 2 a 

S 2 C 12 #*:fcJ:t/N 2 ^^^^-g-^^-$rfflt\ 
-&tl?)(OffiiS:^ii-?:'Jx3 0 s c c m, 1 0 s c c m*J 
•tt/1 OsccmiL, (1^4 4 OPa, RF^7- £ 
1 0 0 OW, Jij&*fc£3 8 OMH z . g^fig^Ott 
•f So CttlCtoT, M^^5<OrtgB^*)K2 1 # 
Sl^ixSo 

[0 0 8 6] ftu, KitS*t4i|ti»*«Wc*j»tSU# 

*>, S i N*3*5«fctjqfc#lli2 1 Lt, ^F^fi 

toWrf-i'ttAi-S. IjlCiot, S i 1 lifcJt 

s h u- v-f - 5 co^<n±gi5ie^co sii«i (D&Mcmm 

~ ~ T*, ~ c/M^VrXAI^iol^TIi, nf-f^MOS 
h7Vv ? ^.^Sr0il3ti-5»'g-C-S i NBS3coHJf:^^jx. 

lil 5 0 nmfWi pl^^i LT0i|;tli 

X 1 Ol2/cm2 , j£A^ 

twU^-fc 6 0k eVttS. 
[0 0 8 7] 0 8 AKip-rj; -)(.:, o 2 X^X-v 

-t"5o &(^> WxliHDP-CVDj!fe{^J;>5, h u-v-^ 
S^rtaSMSsbiMfJ; 9 (CUTS iS<gl±{wS i 0 2 
fflt7&J&*-*-5. ^COS i 0 2 gt7«OJBj*lw*5 

Jt4CVD*«=OT-««rJJfcjfSi:. S^^^irUTS i 
H 4 0 2 H^ioiiXJA r H^(T>m^ / aif^- : k^\ 

-^Jt^^^S^r-ttL-t'tLS 0 0 s c c m, 7 00 s cc 
mfciySOOsccmtL, ff^^O. lPa, 
?ojgfl;;fj£3 0 0 0W, R FUtTjSr 2O00Wit 



So 

[0 0 8 8] #lx.liCMPjfc(Cj;i? S i Ng3 4 

Wg* hy^-t LTS i 0 2 M7 4WSi-SrilCj; 

s iNSf 3±cos i o 2 «7*B**i--6. 

^<7>CMP*ft=co-0lj£^fS<t % flMtti LT^y* 
(14wt%) k*.mt*VVJ* (KOH) **gfR 
tcoS^fSSrfflvv WBXu— h<7>Hffiigc£r2 0 r p 
m» SiSSl 4rflM*+4WW*f<OialE»«r 2 0 r p 
m, mmE.t)&5 0 0 g f /cm2 
[0 0 8 9] IfcIC H 3 P0 4 Srffl^fc^a: y h^yf- 

y/isia^ s iN*3*iw!itiyf 

tie J: >9|&£c-t-S 0 

[0 0 9 0] ifcic, fiftJx.«HFSrfflV^^3iy h^y-^ 
Affile J: *)'<y K«Kbfflt2SrHfe*Lfcft, fi»Jx.tf&S6 
fbifelCJ: 9 S i ££ 1 *iB^«ttiWUi9 «rJgJ«i-*. 

riAfc J; U^T y -> V ^IfiSrAffifcft 9 >S Lff 9 ^ <!: «c J: 
9 , nS!£^>MS*K, pMS^^iS* ft^hy 
^"•WttifWttlUi 1 0£JfM1-So h7V-^ 
*K*3tt5 L#vHe«ffiW»fflO'f 3i-vaASrfT9. 
[00 9 1 ] m 8 B tC^-T «fc 9 H F Srffl^fc 

fl^tfliMKfbScK. «t ^siisi Affile y- hsefb 

BS 1 1 SrffM-TSo 
[00 9 2] SilSl hKfkSI 1 1 * 

[0093] ^<o^5 3 <r>mmmm^i. ^m^m.^>m. 

jt*ftlw«tixHt, S ilfilicos i NBI3 h 

1^-77 h7b-«b^^FTJi^ 2 1 &£V)S i N-^S i 0 2 |C 
*tL-caWWlcBS8*Brte**i:S iNBi3t4-^^^i 
LT, S iSfilCTLT, L # 1/ MtSJI^Sffl <r>-i^r 
VjSA^tfo-C^SC t l-i 9 , h u->-^5<^#(7)Xpl 

[00 9 4] ti± % rolgB^OT^Jfe^jCOVT*^ 

[00 9 5] ±JtW*lfc»«JC*JV»-Cl|lfffc» 

[0 0 9 6] M1t y mz.\S±.'&<r>m l <nH)fe^ffi(cfc^ 
Tli, M'>^-5 5r^-f-S^I-. S i S« 1 Wiyf 



(11) 
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h/**— S i NIS3 i:5r-rx^ £ Lt, S 

[0 0 9 7] 0t|x.fi±j*co^ 1 , »2*iJ:t/J(S3 

3 * £ LT h u >^ 5 *JBfifci-«*tt*r«ffl LT 
V>5#, MQ4$r7BritLfcft, ^coBUn 4CDF^I-S i 
0 2 a><b#51M K**~ S iNg3t- 

w-fM K»*-— /wt^r-vjx^ t LT h u- ^f- 5 SrflM-f 

Hp 4<o^wBg{cfflv^ u-v'^. h'<*— vwftSffegfK 

W(Cl^*i-5^t(CJ;oT, B 1 B^0 7 AJC*-f»* 
[00 981 

«ALfcf£!C;fcttS¥*fr««*®^TM^«jK£l5l£ 
^-(c&oci^T^SroT, BrStfXfctt**"*-*** 

[iasco«i*/itft^] 

[01] cw«Weof5iosei6JBffi|cJ:5J|iigfr»«<n 
[0 2] cco^co^i w*Jg^ffiUJ;S#*^«w 

[03] zn&m<nmi<r>mmmz£z>:mtiLmm<n 



[El 4] cro*^«>|(f i<n*J6?gj|B{cJ:**i»*36«w 

S^*fe£tft^5fc#>^»rffi0T;fc3o 
[0 6] z<»&m<r>m2<nmMM1&\z&Z>¥mft&&.<r> 

[0 7] rw*W<OjB3WHltJgffl^J;5*i»ft:iSfl|<o 

[B8] w.co«W<K>*3<7>Hie«auj:*JN»«:Sl«(75 

[B9] tt*S«li«t5**^»***«o»riWr«feSrtt 
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